Fabricating novel materials for biomedical applications mostly require the use of biodegradable materials. In this work biodegradable materials like polylactic acid (PLA) and chitosan (CHS) were used for designing electrospun mats. This work reports the physical and chemical characterization of the PLA-CHS composite, prepared by the electrospinning technique using a mixed solvent system. The addition of chitosan into PLA, offered decrease in fiber diameter in the composites with uniformity in the distribution of fibers with an optimum at 0.4wt% CHS. The fiber formation and the reduction in fiber diameter were confirmed by the SEM micrograph. The inverse gas chromatography and contact angle measurements supported the increase of hydrophobicity of the composite membrane with increase of filler concentration. The weak interaction between PLA and chitosan was confirmed by Fourier transform infrared spectroscopy and thermal analysis. The stability of the composite was established by zeta potential measurements. Cytotoxicity studies of the membranes were also carried out and found that up to 0.6% CHS the composite material was noncytotoxic. The current findings are very important for the design and development of new materials based on polylactic acid-chitosan composites for environmental and biomedical applications.
Introduction
Natural polymers, particularly cellulose, chitin, starch etc., are environmental friendly, biodegradable and sustainable and can be disposed of or composted easily without harming the environment [1, 2] . Due to these attractive properties, these natural polymers are driving modern industrial economies and have been widely used in pharmaceuticals, construction, adhesives, food, food packaging, beverage industries, cosmetics, toiletries, paint and ink industries [3] [4] [5] [6] [7] [8] [9] . Every year about 17 × 10 10 metric tonnes of biomass are produced by nature, of which only 3.5% are exploited by mankind [10] . Although the consumption of natural polymers is about 2% of the 300 million tons of plastics produced per year, their production is steadily rising. The production of bio based polymers in the commercial sector is escalating and it is going to reach 17 million tons in 2020 [11] .
Polylactic acid (PLA) and chitosan are two polymers that are biodegradable and possess excellent biocompatibility and biodegradability [12] . PLA is a linear aliphatic thermoplastic polyester, derived from renewable resources such as beet, corn and sugar [13] . Nowadays PLA-based biocomposites can compete with the petroleum-based plastics that are available in the market because of the increased availability of PLA and growing petroleum costs [14] . Excellent mechanical properties, transparency, biodegradability, resistance to fats and oil and the wide availability have made PLA as an excellent candidate for a variety of applications. Hydrophobic PLA composites are widely used for food packaging [15] as well as for the cardiovascular implants [16] due to their recyclability and biodegradability. A series of devices were prepared from different PLA types, including degradable sutures, drug releasing micro-particles, nano-particles, and porous scaffolds for cellular applications [17] . Sakai et al. [18] fabricated polylactidebased biodegradable thermoset scaffolds for tissue engineering applications. Li et al. [19] found that the scaffolds were porous with good interconnectivity and thermal stability, and evaluated the efficacy and feasibility of PLA ureteral stents for the treatment of ureteral war injuries. The stents made of PLA were reliable in the treatment of ureteral war injuries where PLA stents were degraded so that they were removed from the body. Therefore, PLA stents represented a promising future for the treatment of ureteral war injuries.
Chitosan (CHS) is the deacetylated derivative of chitin which is abundantly available in the exoskeletal waste of crustaceans. The biodegradability, biocompatibility and nontoxic nature of chitosan make it a safer material for a wide range of environmental and biomedical applications [20, 21] . Chitin and chitosan exist in various applied forms like hydrogels, membranes, nanofibers, beads, micro/nanoparticles, scaffolds, and sponges. Biodegradability; predictable degradation rate; structural integrity; non-toxicity to cells; and biocompatibility made chitin to be good wound healing, tissue engineering, and in lenses fabrication for ophthalmology [21] [22] [23] . Due to the poly cationic nature of the chitosan it can interact with the surface of cell membrane and can be used as a bone tissue regeneration material [24] , an analgesic [25] , bone regeneration [26] etc.
Electrospinning is a simple, versatile technique used for the production of polymeric fibres having micro to nano dimensions. This process is remarkably efficient, rapid, and inexpensive and produces fibres with high surface area to volume ratio, high porosity and small pore size [27] . Also, the polymeric materials that are fabricated by electrospinning method allow different fiber morphologies, such as round, flat, smooth and beaded etc. The influence of molecular weight and viscosity of spinning solutions on the fiber thickness was demonstrated by Tomaszewski et al [28] . In recent years the study of electrospun chitosan nanofibers has received great attention because of its inherent antibacterial activity. Pure chitosan fibers can be prepared using trifluoroacetic acid (TFA) [29] as a solvent and a bicomponent blend of chitosan with PEO [30] , PLA [31] , PCL [32] , and PVA [33] . Sonseca et al. [34] prepared biodegradable polylactide/hydroxyapatite nanofibers via electrospinning. In a study by Xu et al. [35] , human vascular endothelial cells cultured on smooth solvent-cast PLA surface were shown to be more than on the rough electrospun surface.
In our present work, we prepared PLA-CHS composites by means of electrospinning method to produce biocomposite fibers. The main aim of this work was to prepare environmental friendly composites using a mixed solvent system of chloroform and acetic acid, which yields a smooth and hydrophobic structure with noncytotoxicity. The current synthetic strategy can produce composites that are extremely useful for biomedical applications. Also, the study extends its objective to check the suitability of these composites for environmental and packaging applications. The fibre formation was confirmed by the SEM analysis. The Inverse Gas Chromatography (IGC) and contact angle measurements were used to analyse the hydrophobicity of the membranes and Zeta potential for stability of the membranes. The interaction between PLA and chitosan was confirmed by Fourier transform infrared spectroscopy analysis and the thermal studies of the composites were done by thermal gravimetric analysis (TGA) and differential scanning calorimetry (DSC). Cell Viability studies of these composites were also done.
Materials and methods

Materials
Polylactic acid (PLA) was supplied by Shenzen Bright China Industrial Co. Ltd, China and has a density of 1.24 g/ cm 3 and the melt flow index (MFI) of 20 g/10 min at 190°C /2.16 kg, reported by the supplier and the chitosan (medium molecular weight) supplied by Marine chemicals, Cochin, Kerala, India. Chloroform (99% purity) and glacial acetic acid (>99% putity) were purchased from Merck chemicals, India and are of commercial grade. Methane had the high purity (>99.99%) and were supplied by Air Liquide Company, France. Acetonitrile (ACN), ethyl acetate (EtOAc), ethanol (EtOH), acetone (AC) and tetrahydrofuran (THF) all GC grade (>99% purity) were purchased from Sigma-Aldrich. 10% fetal bovine serum, tetrazolium 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide, dimethyl sulfoxide, isopropyl alcohol, phosphate buffered saline (1× PBS), Double distilled water were also used. All the chemicals purchased are used without further treatment.
Analytical methods
Electrospinning
Electrospinning method (Holmarc, HO-NFES-040D) was adapted to prepare PLA-CHS fibers from PLA in chloroform and chitosan in acetic acid. The two solutions were mixed well using a magnetic stirrer (600 rpm) for 24 h and then ultrasonicated (MSW-269) for 20 min just before electrospinning. The distance between the needle tip and metallic collector was adjusted to 15 cm, and the applied voltage over the gap was kept 15 kV. The PLA-CHS solution was fed by a syringe pump with a flow rate of 1 mL/h.
Scanning electron microscopy (SEM)
The surface morphology of the samples was analyzed by SEM imaging. The micrographs of the spun fibres were taken in JEOL, Model JSM 6390 (Japan) electron microscope with an accelerating voltage of 10 kV. The samples were coated with platinum to avoid the electrostatic charge dissipation. ImageJ (version 1.44) software was used for the characterization of the SEM micrographs.
Fourier transform infrared spectroscopy (FTIR)
FTIR spectra of the membranes were obtained using a recorded using SPECTRUM 400 FT-IR spectrometer equipped with attenuated total reflectance (ATR) system. The samples were loaded onto the ATR crystal area and held in place by a pressure arm. The spectra were acquired over a scanning range of 4000-500 cm −1 for 15 repeated scans at a spectral resolution of 4 cm −1.
Thermogravimetric analysis (TGA)
The TGA measurements were carried out on a Q500 model (TA Instruments, DE, USA) under dry nitrogen of 40 mL/ min for balance purge flow and 60 mL/min for sample purge flow. Approximately 8.0-15.0 mg of sample was loaded into the open TGA platinum pan then heated from 25°C to 600°C at a constant rate of 10°C/min.
Differential scanning calorimetry (DSC)
The thermal transition behavior of the samples was investigated using a Q200 model (TA Instruments, New Castle, DE) by modulated DSC following ASTM E1356-03 standard. The sample (3.0-6.0 mg) in hermetically sealed aluminum DSC pan was first equilibrated at 25°C and heated to 150°C at 10°C/min (first heating cycle). The sample was held at that temperature for 10 min and then cooled down to 0°C at 10°C/min, and subsequently reheated to 150°C at the same rate (second heating cycle). Modulation amplitude and period were ± 1°C and 60 s, respectively. The "TA Universal Analysis" software version 5.4 was used to analyze the TGA and DSC thermograms. The characteristics of non-resolved peaks were obtained using the first and second derivatives of the differential thermogravimetry (DTG) and differential heat flow.
Inverse gas chromatography (IGC)
IGC measurements were carried out on a commercial inverse gas chromatography that is equipped with flame ionization (FID) and thermal conductivity (TCD) detectors. The IGC system was fully automatic with SMS IGC Controller V 1.8 Control Software. Data analysis was done using IGC Standard Analysis Suite V 1.3 and IGC Standard Analysis Suite V 1.21. The columns used were standard glass silanized (dimethyldichlorosilane; Repelcote BDH, UK) with 300 mm length and an internal diameter of 3 mm. The samples were packed in the columns by vertical tapping for 2 h using the SMS sample packing device and conditioned over-night at 313 K followed by 2 h at temperature analysis. The dispersive component of the surface free energy were determined by applying four n-alkanes: heptane, octane, nonane and decane at four temperatures: 293, 298, 303 and 308 K. ACN, EtOAc, EtOH, AC and THF were the polar molecules used for the determination of the specific free energy and acid-base surface character. The noctane was used as the probe molecule to determine the parameters of isotherm, permeability and diffusion experiments. All the measurements were carried out at 0% relative humidity, a helium flow rate of 10 mL/min, and in duplicate, producing an experimental error below 2%. Methane was used as reference molecule for calculation of dead time and helium was used as carrier gas with a flow rate of 10 mL/min.
Zeta potential measurements
Zeta potential analysis was done using Zeta potential Analyzer (Zetasizer 300 HAS, Malvern Instruments, Worcestershire, UK). All measurements in this study were taken at a temperature of 25°C. At least three replicate analysis on each sample were done to check the reproducibility of the result. PLA, CHS and Composites were dispersed in suitable solvent and the zeta potential measurement was taken using Zetasizer.
Contact angle measurement
The surface contact angles were measured by SEO Phoenix 300 using software-8. A computer controlled automatic micro syringe system was used to dispense a 6-7 μL droplet of deionized water over the surface of the film. A picture of the drop was captured after the drop was set onto the sample. The contact angle is measured as the tangent angle formed between a liquid drop and its supporting surface. The contact angles could be calculated by the software through analyzing the shape of the drop. The contact angle θ was an average of 50 measurements. Contact angle measurements of nanocomposites of PLA with chitosan were done at room temperature with distilled water. Total surface free energy from these measurements were calculated. At first, the contact angles were measured for each sample for at least six to ten times. The average is taken as the contact angle for the particular sample.
Cytotoxicity studies
PLA and PLA/CHS membranes (concentrations of 0.2, 0.4%, 0.6 and 0.8% w/w) were weighed, minced, sterilized in UV radiation, immersed in cell culture Dulbeccos Modified Eagle's Medium (DMEM-Vitrocell) supplemented with 10% fetal bovine serum (FBS-Vitrocell) and antibiotics (Penicillin and Streptomycin -Vitrocell), subjected to intense mechanical agitation and stored at 37°C for 24 h. After these steps, the resultant medium were removed and replaced in cell culture plate wells (96 wells) containing human fibroblast cell lineage (GM07492) at density 15 × 10³ cells/well. The plates were kept in cell culture incubator (Panasonic-CO² incubator MOC-19 AIC-UV) at 37°C, humidified atmosphere containing 5% CO 2 and 95% air atmosphere for 24 h. Cell viability was determined by the MTT-formazan (tetrazolium 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide) colorimetric method. The culture medium was removed from the wells and they were washed with phosphate buffered saline (1× PBS). Aliquots of 50 μL of MTT (SIGMA 2128) was added to each well and the cells were kept in ideal culture conditions for 4 h. After this period, 100 uL of isopropyl alcohol were added in each well and the content mechanically homogenized until complete solubilization of the formazan crystals. The optical density values (OD) were obtained using a spectrophotometer (Polaris-CELER) at 570 nm. The value measured in experimental groups (PLA and PLA/ CHS membranes) were converted into percentages of cell viability relative to a control group (−Control) and subjected to statistical variance analysis (ANOVA-ONE WAY), with 5% level of significance (P ≤ (Pnif. Cytotoxic activity was considered in values of cell viability percentage ≤70%. A cytotoxic control group (+Control) was included using standard culture medium with 30% (v/v) of Dimethyl Sulfoxide (DMSO-SIGMA 276855).
Results
SEM characterization
Electrospinning of 12.5 wt% PLA give rise to bead free fibres with porous structure (Fig. 1) . The SEM micrographs and the fiber distribution curve of PLA fibrous mat with different wt% of CHS loading is given in Figs. 2 and 3 . After filler loading the diameter of the fibres become decreased.
FTIR characterization
PLA fiber mat, CHS and PLA -CHS composite were analyzed using FTIR spectroscopy to observe the changes in chemical composition of fibers before and after the introduction of CHS (Fig. 4) and observed that the chemical composition of neat fibers was not significantly affected by CHS due to the very low concentration of CHS.
Thermal properties of PLA and PLA-CHS composites
DSC and TGA tests were conducted to gain thermal properties of PLA and PLA-CHS fiber mats (Figs. 5 and 6) and found that the thermal transitions are not very much affected by CHS because of the minimal interaction between the filler and PLA. 
Inverse gas chromatography experiments
In order to understand the nature of PLA-CHS interactions and their effect on surface properties, the fiber mats were analyzed by IGC. Through non-polar and polar probe molecules, the dispersive component of surface energy (γ D S ) (Table 1) ; specific surface area (S BET ), monolayer capacity (n m ), diffusion coefficient (D p ), and maximum of adsorption potential distribution (Amax) ( Table 2 ) and acid base constants for the fiber mats (K A and K B ) (Table 3) were determined.
Zeta potential measurements
Results of zeta potential for measuring the surface charge of PLA and PLA-CHS composite fibers were recorded in Table 4 . The results showed that the composites are more stabilized than PLA up to 0.4 wt%.
Contact angle measurements
The water contact angle measurement was performed to evaluate the surface wettability of the fiber mats Fig. 7 and found that addition of CHS decreased the hydrophilicity of the web. The surface energy of the system also obtained from the contact angle measurements Fig. 8 . It gives the energy associated with the interface between two phases.
Cytotoxicity assay
To study the cytotoxicity of the prepared fibre mats, MTTformazan viability/cytotoxicity in vitro assay carried out according to the method described. Figure 9 represents the results of this assay and according to this figure, upto 0.6wt % of chitosan loading the composite webs are noncytotoxic. Figure 1a represents the SEM micrograph of electrospun PLA mat and Fig. 1b shows the high-resolution SEM micrograph of the same. It was observed that there were pores in the PLA fibers (see Fig. 1b ), which is due to the condensation of water droplets on the surface of a polymer solution [35] . The breath figures indicates the evaporative cooling of solvent on the surface of the spun fibers (see Fig.  1b ), which might happened during the path of the polymer jet from needle tip to collector, where the water vapour Fig. 7 The variation of contact angle of water with respect to filler loading Fig. 8 The variation of surface free energy with respect to filler loading present in the atmosphere condenses on the surface of the fibres creating an imprint on the surface. The porous structure can also be explained in terms of phase separation behaviour via spinodal decomposition. During electrospinning process there generate polymer-rich and solvent-rich regions due to the thermodynamic instability of the spinneret. The polymer rich region solidifies more quickly than the solvent rich region and hence pores were formed [36] . Both these two effects contribute to the porosity of the individual fibres.
Discussions
SEM characterization
The electrostatic attraction between the biopolymers and the conductivity of the solvent systems are the two factors that drives the electrospinning process, and any factor that enhances the charge density will result in the formation of fibres having narrow diameter [37] . Thus, with increased addition of CHS (see Figs. 2 and 3) , we obtained uniform fibers with decreased diameter. This is due to the increase in charge density of polymer solutions with increased filler concentration [38] or by the use mixed solvent system that possess higher conductivity than individual chloroform and acetic acid [39] . It was observed that 0.4 wt% CHS loading was the optimum amount, and further loadings has caused decrease in the uniformity of the fiber dimension (there is reduction in diameter size). Figure 3 corresponds to the fibre diameter distribution graphs based on SEM images. From the fibre distribution graph, it was obvious that PLA with 0.4 wt% of chitosan have uniform diameter distribution.
As we can see in Fig. 2 , some dumbbell shaped deformations on the fibre surface of the composites, which was occurred due to the large difference in the boiling point (b.p of chloroform:~61°C ; b.p of acetic acid:~118°C) of the system by the application of mixed solvent system [23] . During the process of fibre formation, chloroform (boiling point~61°C) evaporates rapidly resulting in the formation of a "rigid" coating on the fibre surface, while acetic acid (boiling point~118°C) evaporates slowly and is entrapped inside the fiber. With further evaporation of the mixed solvents, the tubular fiber structure begins to collapse, and the resulting uneven surface (or interface) produces tangential stress due to the Marangoni effect (the mass transfer along an interface between two fluids due to surface tension gradient) [39] . This causes the deformation of the fibers and results such type dumbbell-like region on fiber surface. Therefore, the formation of such flat PLA fibers with dumb bell surface structure made the fibre surfaces rough and the reason for hydrophobicity of the material. (CO-NHR) and 1574 cm −1 (NH 2 ), while, the amide (C-N) band appears around 1359 cm −1 [40] . The ester linkage in PLA was confirmed by the characteristic band at 1761 cm −1 . As seen in Fig. 4 , it was noted that all the peak positions are same for both PLA and PLA-CHS composites but the intensity of ester linkage (1761 cm
FTIR characterization
) of PLA decreased in the case of composites. This indicates the presence of CHS in PLA and the molecular interaction between chitosan and PLA was weak because PLA does not have enough −OH groups to form hydrogen bonds with -OH groups and −NH 2 groups in chitosan [41] . Peaks around 1040 cm −1 attribute to the stretching of C-CH 3 in PLA [42] . The region between 1500 and 1452.3 cm −1 significant for CH 3 group [43] . There is a development of a small peak just below the carbonyl peak at 1650 cm
. This is an O-H peak that originated from bending of the unresolved hydroxyl group of the absorbed water usually carried by the filler [44, 45] . The composite do not show any characteristic peak corresponding to the -NH or -OH stretching (3500-3100 cm −1) in chitosan. This is because of the very low concentration of chitosan in composites [45] . Figure 5 shows the DTG profiles of the neat PLA and PLA-CHS composites. The DTG curves of the composites showed one prominent decomposition pattern (indicated by their peak temperatures in Fig. 5 ) indicating a single stage decomposition process. The temperature of degradation of PLA determined at 5 and 10% weight loss (T 5% and T 10% , respectively) were~275°C, 290°C, respectively. The addition of fillers enhanced the thermal stability in the composites approximately by 10°C. This means that incorporation of the CHS induced the thermal stability of pure PLA. Similar results was also reported by Haafiz et al. [46] when they studied PLA composites reinforced with oil palm biomass microcrystalline cellulose. The improved of thermal stability was maximum for 0.6% addition of CHS instead of PLA with 0.4wt% CHS having uniform fiber distribution due to this increased amount of chitosan content. Unlike the onset decomposition temperatures, the main decomposition step in composites and PLA were occurred at almost similar temperature (340 ± 2°C). Figure 6 shows the DSC profiles obtained during the second heating cycle of PLA and PLA-CHS composites. Glass transition temperature (T g ) is commonly identified as a complex phenomenon that relies on several factors such as intermolecular interaction, chain flexibility and molecular weight of the material itself. The DSC thermogram of neat PLA and the composites displayed one inflection point indicating a glass transition at~50 ± 2°C. Since there is no significant change observed in the glass transitions between neat PLA and the corresponding composites, the observed glass transition might be due to the molecular motion of the soft segments in PLA. The addition of fillers has minimal interactions with PLA matrix and hence didn't affect the thermal transition of the corresponding composites. The minimal interaction between PLA and CHS may be due to insufficient hydroxyl groups in PLA to form hydrogen bonds with −OH groups and −NH 2 groups in chitosan [47] .
Thermal properties of PLA and PLA-CHS composites
Inverse gas chromatography experiments
The IGC analysis of PLA, CHS and PLA-CHS composites were executed for explaining the surface energy of the system. The dispersive surface energy (γ D S ) is directly proportional to hydrophilicity and is inversely proportional to the temperature hence is important to predict the hydrophilicity of the material [48, 49] . At 298 K, the CHS and PLA exhibited a dispersive surface energy of 41.02 mJ/m 2 and 37.62 mJ/m 2 , respectively. PLA-CHS composites modified with 0.4 and 0.8% of chitosan present a lower dispersive energy, when compared to the raw materials may be due to the crosslinking of polymer chains [50] . It was observed that the hydrophobicity of the composites enhanced slightly with the increase in filler concentration. Higher filler concentration (0.8 wt% chitosan) presented a smaller entropic factor (0.11 mJ m −2 /K) than that of 0.4% filler added composites, which indicates the increase of crosslinking efficiency in PLA-0.8 wt% chitosan (free chains-higher entropy). The surface area of the samples range between 0.83 and 3.07 m 2 / g and the monolayer capacity range between 2.18 and 8.08 μmol/g. The addition of chitosan decreases the PLA surface area (particles increasing) and decrease the DP (porosity decreasing) due probably to the reticulation increasing with a more compact particles formation. Monolayer capacity (n m ) is the maximum number of adsorption sites for a monolayer coverage. The diffusion coefficient (D p ) is a physical constant dependent on molecule size and other properties of the diffusing substance as well as on temperature and pressure. It is also measure of the porosity of the composite scaffold. The decrease in diffusion coefficient also supports the decrease in porosity of the scaffolds with the increase in addition of chitosan. The interactions between the chitosan and the polar probes were found to be very weak and the values of K A and K B is very small. All PLA sample exhibited a basic character. PLA with 0.4 % chitosan show a stronger basic character (K B /K A = 1.75) probably due to the lower crosslinking which expose more the C = O, C-O-C and NH 2 groups.
Zeta potential measurements
Surface charges of the PLA, CHS and PLA-CHS composites were determined by zeta (ζ) potential measurements. The magnitude of the zeta potential indicates the degree of electrostatic repulsion between adjacent, similarly charged particles in dispersion or suspension. Higher zeta potential value (despite of the magnitude) refers to the stability of the suspension [51] . As seen in Table 4 , it was clear that chitosan possess a high stability (ζ = 60.2), since zeta potential is directly proportional to the stability of nano particles. This may be because of the ionization of free amino groups of chitosan in aqueous medium to ammonium ion (−NH 2 to −NH 3 + ). But the stability of PLA chitosan composite is very low compared to chitosan. This is due to the decrease in the number of ionizable primary amino groups. But with increase in the of chitosan content the zeta potential value first increases and at higher loading low zeta potential value observed due to poor interaction. That is 0.4 wt% of CHS loaded PLA possess better interaction than other loadings.
Contact angle measurements
Hydrophobicity of the composites were evaluated by the contact angle measurements. Figure 7 shows the results obtained for the composites with filler concentration. It was found that the values (contact angles) increased with the increase in filler content, which indicates the increase of hydrophobicity of the material (see Fig. 7 ). This may be due to the decrease in the surface roughness which can lead to an increase of contact angles, thereby decreasing the wetting ability of the fibrous membrane. The results was close agreement with the IGC results, showing the decrease of surface free energy of the composites with increase in filler content. The variation of surface free energy with respect to filler loading is shown in Fig. 8 . Here the hydrophobicity results from a combination of decreased fiber diameter and low surface energy [52] .
Cytotoxicity studies
The results of viability/cytotoxicity assays demonstrate that there was a significant statistical difference (p ≤ 0,000) between the cell viability in PLA and all PLA/CHS membranes, regardless of their concentration. There was no statistical difference between the levels of cell viability exhibited by PLA/CHS membranes at concentrations of 0.2, 0.4 and 0.6%. Although lower than the control and PLA groups, they are compatible with levels still considered noncytotoxic. The PLA/CHS 0.8% membranes presented levels of viability significantly lower than the other PLA/CHS groups and close to the value from which a cytotoxic effect will be considered (≤70% of cell viability). The results surely indicate that PLA/CHS membranes, at concentrations of 0.2, 0.4, and 0.6%, are non-cytotoxic. This characteristic enables to explore its potential as a biomaterial for biomedical applications. PLA and CHS are known non-cytotoxic components. Taking this into account, it is recommended to consider the possibility that residues of solvent still exist in CHS (acetic acid) and may be responsible for the cytotoxic effect detected in the samples, especially in the higher concentrations of CHS.
Conclusion
Here, we have successfully fabricated electrospun PLA -CHS mats. At 0.4 wt% concentration of chitosan we got a uniform diameter for the fibres. FTIR and TGA results revealed that there is only weak interaction between the filler and the matrix. IGC as well as contact angle measurements showed that the membranes were hydrophobic and hydrophobicity of the membrane increases with increase in filler content. The decrease in surface roughness was attributed to the decreased fiber diameter and low surface energy and hence hydrophobicity. The cell viability studies revealed that PLA and PLA-CHS upto 0.6% were noncytotoxic and can be used as a potential biomaterial for biomedical applications.
